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Abstract- In order to separate individual relaxation processes and 
estimate the corresponding parameters, the genetic algorithm has 
been used [4]. The genetic algorithms belong to a wide class of 
optimization methods, which imitate processes taking place in 
nature. They are numerical procedures that utilize random choices 
in a highly directed search of the optimal solution. The algorithms 
are durable and effective in analyzing processes in very 
complicated solution spaces [5], such as the estimation of a complex 
TSD spectrum. 
 
I. INTRODUCTION 
The characteristic points [1, 2] or the initial rise [3] of the 
relaxation peak are used in the classical analysis of the 
relaxation processes in thermally stimulated current (TSD) 
spectra. The result of a TSD measurement is a superposition of 
several relaxation processes. The resulting complexity of the 
spectrum makes the analysis difficult, while the parameters 
describing the relaxation process carry a large error. 
 
II. GENETICS ALGORITHMS ( GA ) 
Biological concepts are utilized in the genetic algorithms. The 
population members, each being a point in the solution space, 
are transformed in an evolutionary process. The initial 
population is selected randomly. A fitness function is used to 
evaluate each member of the population. The best adapted 
members are selected for the next population, while other 
members undergo modification using genetic transformations 
(mutation and crossover ). In this manner, the next 
approximation of the solution is obtained. The consecutive 
populations are processed in the same way until the required 
criterion is met. The most adopted member of the final 
population is accepted as the solution to the optimization 
problem. 
In order to estimate the relaxation parameters for the 
experimental TSD spectrum, the minimum of the approximation 
error has been selected as the adaptation criterion: 
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where the approximation functions were calculated from the 
following relation 
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τ0k – characteristic relaxation time, Eak – trap energy,  
k – Boltzmann constant, N number of relaxations, T0 – initial 
temperature, P0k – initial polarization value 
The individual relaxation parameters ( 0, ,ak k okE Pτ , ) were 
properly coded and processed with the genetic algorithm. 
 
III. EXPERIMENTAL DETAILS 
The samples under study were made of indium doped     
Cd1-xMnxTe. From the photoluminescence and optical 
absorption studies, the content of manganese, was determined 
to be about x = .15. The studied material exhibited sufficiently 
high electrical resistivity, therefore, it was possible to 
implement the thermally stimulated discharge current method 
(TSDC) to investigate electronic properties of the traps in this 
material 
 
 
 
Fig. 7. The system used for data collection 
 
Thermally stimulated discharge current spectra were 
collected in the 80 K – 300 K temperature range. The presence 
of four charge carrier traps has been identified in the material 
(indium doped Cd0.85Mn0.15Te). The activation energies were 
determined from the initial slope of each feature and from the 
best fit of the experimental results to equation (2) using the GA 
method.  
 
IV. RESALTS OF ESTIMATION 
The Algorithms for Optimization Toolbox (GAOT) [6] 
library of the Matlab software was used for the calculations. 
The library contains subroutines for defining and selecting the 
method parameters, such as the evaluation function, 
determination of the boundary conditions for the estimated 
parameters, specification of the population size, settings for the 
closing condition, and criteria for the selection, mutation and 
crossover operations. In order to separate individual relaxation 
processes and estimate the corresponding parameters, the 
genetic algorithm has been used for measurement data. It was 
assumed in the calculations presented in this work, that 
approximate values of the activation energies Eak for individual 
relaxations were known. It was also understood that the 
temperature values Tmk, corresponding to maxima in the TSDC 
spectrum, as well as the maximum current densities Jmk = J(Tmk) 
were properly determined from the experimental data. The 
obtained values may be used as the parameters in the 
evaluation function. 
Two different estimation methods for the parameter were 
used: 
- direct estimation of the parameters ( 0 0, ,ak k kPE τ ); 
Analytical calculation was used for initial exploration of the 
searched parameters leading to the investigation range. 
- indirect determination of the exact parameters 
( 0 0, ,ak k kPE τ ) through the estimation of the related values 
( , ,ak mk mkJE T ); In this case, the investigation range for the GA 
method was established as the deviation from the values 
obtained in the experimental data. 
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Figure 1. Average values of the TSDC relaxation parameters 
obtained with the GA method 
 
The accuracy of the final results was improved through 
evaluation of the average value of the parameters found in a 
number of estimations.  
The plots of the obtained estimations are shown in Fig. 1. 
The corresponding function parameters are listed in Table 1. 
 
TABLE  I  
The analysis of a TSDC spectrum using the GA 
 Peak 1 Peak 2 Peak 3 Peak 4 
Ea ( eV ) 2.5 e-01 2.8 e-1 4.5 e-1 7.8 e-1 
P0(C/cm
2
) 0.30 e-09 0.88 e-9 0.85 e-9 0.90 e-8 
τ0 ( s ) 1.15 e-5 3.6 e-5 3.5 e-8 2.0 e-12 
 
V. CONCLUSIONS 
Genetic algorithm method may be accepted as a useful tool 
for identification of the TSDC relaxation parameters, described 
by relation (2). A successful implementation of the method 
requires initial analytical investigations leading to 
determination of a reasonable search range. Genetic algorithm 
yields values of activation energies comparable with those 
obtained in other experimental techniques (Table 2) where 
DLTS - Deep Level Transient Spectroscopy and  PL – 
Photoluminescence .  
 
TABLE II 
Energy in eV, required for freeing trapped charge carriers 
obtained in  DLTS, TSDC and PL 
Label DLTS TSDC PL 
Ea1 ( eV ) - 0.25 0.10 
Ea2 ( eV ) - 0.28 0.25 
Ea3 ( eV ) 0.48 0.45 0.40 
Ea4 ( eV ) 0.76 0.78 - 
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